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ABSTRACT 
d 

I n  the  paper, exc i t a t ion  and development of v ibra t ions  

of gaseous miature combustion i n  tubes are considered from 

t h e  resonance poin t  of view. The t h e o r e t i c a l  ana lys i s  o f t h e  
problem i s  the  i n t e r a c t i o n  between self-induced v ib ra t ions  
and v ib ra t ions  due t o  hydrodynamic i n s t a b i l i t y  of t h e  flame 

f r o n t .  The p o s s i b i l i t y  of i resonant  e x c i t a t i o n  of t h e  system 

depends on t h e  waves of a d e f i n i t e  length  (2) present  i n  t h e  

system. The experimental da t a  confirm f a i r l y  we l l  t h e  adopted 

po in t  of view ( f i g .  2).  

L e t  us consider a flame f r o n t  extending i n  a channel 

f i l l e d  wi th  a f u e l  gas mixture. I n  t h i s  case, as the  t h e o r e t i c a l  and experi- 

mental i nves t iga t ions  ( r e f s .  2-4) ind ica te ,  t he  flame w i l l  be considerably 

d i s t o r t e d  and assume t h e  form shown i n f i g u r e l .  Consequently, it can be taken 

l o c a l l y  f o r  

t h e  i n i t i a l  

Introducing 

flame f r o n t  

an inc l ined  ( a t  angle a) plane rupture surface HE which separates 

mixture a t  a v1 rate from t h e  combustion products rate of v2. 

a mobile frame of reference which i s  moving along t h e  inc l ined  

AR, at  a rate of vlT = v27 = VI cos a, w e  a r r i v e  a t  a scheme of a 

normal combustion f r o n t  which converts t h e  f u e l  mixture of t he  v rate t o  
I n  

"Numbers given i n  t h e  margin ind ica t e  t h e  pagination i n  t h e  o r i g i n a l  

fo re ign  t e x t .  
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Figure 1. Idea l  pa t t e rn  

flame f r o n t  extension. 

combustion products of the  va ra te .  Af te r  t h a t  

of the 

we can use Landau's i nves t i -  

ga t ion  (ref. 5 )  i n t o  the hydrodynamic i n s t a b i l i t y  of slow combustion i n  a 

l i n e a r  approximation, according t o  which a small per turba t ion  with a X wave- 

length  acc identa l ly  appearing on the  flame f r o n t  develops 

a f i x e d  reference system), according t o  the  following l a w  

and the  negative value of t he  ac tua l  R magnitude accounts 

with time (assuming 

f o r  the  i n s t a b i l i t y  

of a given t rave l ing  wave. This provides an explanation of the i n i t i a t i o n  and 

development of the  v ibra t ion  conditions accompanying the  combustion of a gas 

mixture i n  a pipe from a resonance point  of view. Actually, a small random 

per turba t ion  on the flame f r o n t ,  which may always be assumed, generates,  ac- 

cording t o  (l), a v ibra t ion  process o f  the  system a t  a frequency of x vlT and 

an amplitude r i s i n g  with time and a logarithmic build-up f a c t o r  0. This i s ,  

of course, accompanied by the  exc i ta t ion  of the  inherent gas column harmonics, 

cold mixture-combustion products, and the  rapid establishment of a standing 

acous t ic  wave. The inerac t ion  between t h e  na tu ra l  acoust ic  v ibra t ions  of the  

/l25 
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medium and t h e  v ibra t ions  produced by t h e  hydrodynamic i n s t a b i l i t y  of t h e  system 

w i l l  r evea l  t h e  r edonanee  c h a r a c t e r i s t i c s  when the  na tu ra l  frequencies 2~xu, and 

t h e  uns tab le  f requencyX vlT coincide o r  are c lose .  That means t h a t  t he  possi-  

b i l i t y  of a resonant e x c i t a t i o n  of the system depends on the  presence on t h e  

flame f r o n t  of d e f i n i t e  wavelengths A,, which make the  following poss ib l e  

2s 

( 2 )  w, lh71t.r = 31 cos 

It may be expected t h a t  i n  most cases t h e  l a t t e r  w i l l  be found t o  be poss ib le ,  

a l b e i t  approximately, as it i s  ac tua l ly  a combination of various wavelengths, 

r a t h e r  than  a monochromatic wave, t h a t  takes p lace  on the  combustion surface.  

Because of t he  i n t e r a c t i o n  between the acous t ic  v ibra t ions  of the  gas column i n  

t h e  p ipe  and t h e  v ib ra t ions  of t h e  flame f r o n t ,  t he  wavelength corresponding t o  

t h e  resonant e x c i t a t i o n  should rapidly grow i n  i n t e n s i t y .  The damping fo rces  

which, i n  any event, always e x i s t  w i l l  f a c i l i t a t e  t he  a t t enua t ion  of t h e  re- 

maining wave formation and l i m i t  t o  some ex ten t  t he  i n t e n s i f i c a t i o n  of t h e  res- 

onant waves (2) .  

combustion v ib ra t ion  conditions.  The above considerations j u s t i f y  t h e  conclusion 

t h a t  t he  wavelength on t h e  flame f r o n t  i s  connected with t h e  acous t ic  v ib ra t ion  

frequency of t he  gas column, and t h a t  t h e  wavelength designed t o  meet t he  res- 

onance requirement (2)  w i l l  be  generated pr imar i ly  on t h e  combustion f r o n t .  

Bearing i n  mind t h a t  u+, and hr are determined by the  c h a r a c t e r i s t i c  dimensions 

of t he  ves se l  i n  which combustion takes p lace ,  we may expect t o  see  a d e f i n i t e  

connection between t h e  c y l i n d r i c a l  pipe parameters, t he  d i s rup t ion  of which 

should r e s u l t  i n  t h e  d i s rup t ion  o f  t h e  resonance condition (2) .  

f u r t h e r  d i s t o r t i o n  of t he  flame f ron t ,  t h a t  i s  a f u r t h e r  i n c l i n e  toward t h e  

stream, should, according t o  (2 ) ,  be followed by an increas ing  wavelength on 

It i s  t h i s  process t h a t ,  i n  our  opinion, generates the  

I n  addi t ion ,  a 
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t h e  combustion f r o n t ,  and with a = a/2, t h e  frequency of the  acous t ic  v ib ra t ion  

should be reduced t o  zero. 

We w i l l  now compare t h e  conclusions wi th  the  experiment r e s u l t s  c i t e d  i n  

f i g u r e  2 t o  see i f  they  correspond t o  t h e  a c t u a l  s i t ua t ion .  The behavior of t he  

flame f r o n t  w a s  studied during t h e  combustion of homogeneous gaseous mixtures i n  

c y l i n d r i c a l  channels t h a t  a r e  open a t  one end. The processes were recorded by a 

high-speed motion p i c t u r e  camera, and t h e  o p t i c a l  nonGogeneities were v i s u a l l y  

observed by t h e  Schlieren method. 

i 
1 

a 4 

~ _ - .  . _ _  - - _-I- d 

C ._ ______ 

Figure 2. Instantaneous photos of a flame f r o n t  

i n  a r i c h  a i r  mixture of average p u r i f i c a t i o n  

(carbon-oxide a i r  mixture). 

0.3 meter, cross sec t ion  28 x 12.6 mm ; b - 

1.4 meter, cross sec t ion  28 x 12.6 mm2; c - 
2 1.1 meter,. c ross  sec t ion  34 x 72 mm . 

a - l ength  of pipe 

2 

Cited i n  t h e  table  below i s  a comparison between t h e  ca lcu la ted  wavelengths 

on t h e  flame f r o n t  and the  experimentally obtained values. 

under atmospheric pressure i n  an a i r  mixture of average p u r i f i c a t i o n  (excessive 

2 a i r  f a c t o r  0.53) contained i n  a channel with a c ross  sec t ion  of 28 x 12.6 mm . 

The flame spread 

4 
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TABLE /126 

TEE WAVELENGTHS ON TEE FLAME FROPIPT 

u), h e r t z  0 75 130 530 

h, theore t . ,  em m 0.85 0.42 0.24 

hr experim., em m 2.6 1.5 0.8 
X r  experim 
hr t heo re t  

3.1 3.5 3.3 

It is c l e a r  t h a t  t h e  computed values are smaller than t h e  experimental 

Nor could similar r e s u l t s  be expected, inasmuch as average rates were ones. 

used i n  t h e  ca lcu la t ions .  

i s  almost t he  same. 

e x i s t i n g  one. 

Curiously, t h e  r a t i o  of the  above c i t e d  wavelengths 

This shows t h a t  t h e  found p a t t e r n  w e l l  corresponds t o  the  

If the  wavelength on t h e  flame f r o n t  i n  a meter channel with a 28 x 12.6 

mm2 c ross  sec t ion  i s  about 2 cm, it w a s  found t o  be  c lose  t o  3.7 em i n  a similar 

channel wi th  a 34 x 72 mm 

a c t u a l l y  determined by t h e  diameter of the  pipe.  

revealed, i n  conformity with the  conclusion, t h a t  t he  change of one of t he  

parameters with the  o the r  remaining inva r i ab le  may r e s u l t  i n  a cessa t ion  of t h e  

wave formation on the  flame f r o n t .  This i s  accompanied by the  disappearance of 

t h e  acous t ic  v ibra t ions .  

2 cross section; t h i s  shows t h a t  t h e  wavelength i s  

Furthermore, t he  experiments 

The interconnection between wn and hr was confirmed by the  experiments 

ca r r i ed  ou t  at low pressures.  

c reases  t h e  wavelength on the  flame f r o n t  and reduces the  frequency of t h e  

acous t i c  v ib ra t ions  a t  t he  same time. 

It was found t h a t  a decrease i n  the  pressure  in -  

F ina l ly ,  when the  pressure i s  r e l a t i v e l y  low (P M 2 10  4 n/m2), t he  flame 

f r o n t  assumes a symmetrical form, s l i g h t l y  convex on the  s i d e  of t h e  unburnt 

5 
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mixture, i n  r e l a t i o n  t o  the  channel axis.  I n  t h i s  case, t h e  waves are absent /I27 

from t h e  f r o n t  surface; i n  o the r  words, t h e  wavelength becomes very la rge .  As  

f o r  t h e  acous t ic  v ibra t ion  frequency, it i n  t h e  majority of cases equalszero, 

although a very d e f i n i t e  v ib ra t ion  frequency of t h e  gas column i s  occas iona l ly  

observable. This experimental f a c t  may conform t o  the  theory i f  we assume t h a t  

a = s / 2  which i s ,  genera l ly  speaking, c lose  t o  r e a l i t y .  

duction of t h e  r e s u l t s  w a s  checked by t h e  CO, C H 

The poss ib l e  repro- 

and C2H2 combustion. 3 8  

Ul'yanov-Lenin S t a t e  University 2 6  March \964 

Kazan' 
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